In the present study, two simple, sensitive and reproducible visible spectrophotometric methods were developed for the determination of reboxetine in pure form and in pharmaceutical formulations. The methods involve acid hydrolysis of reboxetine methane sulphonate (Reboxetine as methane sulphonate) and the product obtained was used for the estimation. Out of the two methods developed in the laboratory, the first method involves the condensation reaction of hydrolysed reboxetine methane sulphonate with ethyl acetoacetate in sulphuric acid medium and the second method involves the diazocoupling reaction of hydrolysed reboxetine methane sulphonate with diazotized p-sulphanilic acid in alkaline medium. They have absorption maxima at 400 nm and 430 nm respectively and obey Beer's law in the concentration ranges of 0.5 -0.3 µgmL -1 and 1.0 -7.5 µgmL -1 respectively. Results of analysis were validated statistically and by recovery studies. The apparent molar absorptivity values (∈ max ) obtained are 7.549 x 10 4 L mol -1 cm -1 and 2.656x10 4 Lmol -1 cm -1 respectively. Both these have correlation coefficient value of 0.9999. The proposed methods have good precision and accuracy.
Introduction
Reboxetine, (2R)-rel-2-[(R)-(2-ethoxy phenoxy) phenyl methyl] morpholine (Figure 1 ), is the first of a new class of antidepressant drugs, which selectively inhibit the neuronal reuptake of noradrenaline. It also has weak effect on serotoxin reuptake. It is devoid of any affinity for neurotransmitter receptors nor does it inhibit mono amine oxidases A or B. It is given as the mesilate (methane sulphonate) for the treatment of depression with doses expressed as reboxetine. 5 .23 mg of reboxetine mesilate is approximately equivalent to 4 mg of reboxetine.
A very few physicochemical methods were appeared in the literature for the assay of reboxetine methane sulphonate (REB) in biological fluids and pharmaceutical formulations. The methods so far reported include high-performance liquid chromatography (HPLC) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] of different modes and detectors, capillary electrophoresis (CE) 11, 12 , gas chromatography-mass spectroscopy (GC-MS) 13 and visible spectrophotometry 14 . The analytically important functional groups of REB were not properly exploited for designing suitable spectrophotometric methods for the determination REB.
Therefore in the present study, new sensitive and flexible visible spectrophotometric methods were developed based on the reactivity of REB with reagents such as ethyl acetoacetate in sulphuric acid medium and diazotized p-sulphanilic acid to produce condensation product and diazo-coupling product respectively. These were based on the presence of phenoxy ethyl (acid hydrolysis yields phenolic hydroxyl) group in REB.
A simple and sensitive UV spectrophotometric method was developed by dissolving the drug in methanol for the determination of REB in pure or pharmaceutical formulations (tablets) and adopted it as a reference method to compare the results obtained by proposed methods. 
Experimental
An Elico, UV Visible digital spectrophotometer with 1 cm matched quartz cells were used for the spectral and absorbance measurements. An Elico LI-120 digital pH meter was used for pH measurements.
Preparation of standard solution of hydrolysed REB (HREB)
25 mg of reboxetine methane sulphonate was boiled with 10 mL of 5 N HCl in a round bottom flask under reflux for 1 h. It was cooled and the excess of HCl was removed under vacuum. The residue was dissolved in distilled water and made up to 50 mL with distilled water (500 µg/mL) to get a stock solution of hydrolysed drug (HREB). Working standard solutions of concentration of 25 µg/mL (for both the methods) were prepared from stock solution of HREB.
Preparation of reagents
All the chemicals and reagents used were of analytical grade and the freshly prepared solutions were used in the investigations. 1.569 x 10 -1 M ethyl acetoacetate (EAA) solution was prepared by dissolving 2 mL EAA in 100 mL ethanol for Method M 1 .18 M sulphuric acid was used for this method.
5.774 x 10 -2 M p-sulphanilic acid (SAc) solution was prepared by dissolving 1 g of SAc in 100 mL of 0.2 M HCl for method M 2 . In this method 5.796 x 10 -2 M NaNO 2 and 1 M NaOH solutions were prepared in triple distilled water. Aliquots of hydrolyzed REB (0.5-3.0 mL, 25 µg.mL -1 ) and 1 mL of 2% EAA solution were delivered into a series of 25 mL calibrated tubes. Then 2.5 mL of conc. H 2 SO 4 was added slowly along the walls of each of tube and kept under running water for cooling. After 15 minutes, the total volume was brought up to the mark with ethanol. The absorbance was read against a reagent blank at 400 nm between 10-40 minutes.
Method M 2
To a series of 10 mL graduated test tubes, 0.8 mL of SAc and 1 mL of NaNO 2 solutions were added and allowed to stand for 2 minutes. Aliquots of hydrolysed drug (0.5-0.3 mL, 25 µg.mL -1 ) were delivered into the test tubes. Then 5 mL of NaOH solution was added and the volume in each tube was made up to 10 mL with distilled water. The absorbances of the solutions were measured after 5 minutes at 430 nm against a reagent blank.
Procedure for pharmaceutical formulations
An accurately weighed portion of tablet content equivalent to about 100 mg of REB was transferred into a 100 mL volumetric flask. About 80 mL of warm methanol was added to it and shaken well for about 20 minutes. The contents were diluted with methanol up to the mark and mixed thoroughly. The solution was filtered and the filtrate was evaporated to dryness. The residue was used for the preparation of standard solution as shown under standard solution preparation of HREB. These solutions were analyzed as under procedures described for bulk solutions.
Procedure for the assay of REB in formulations-reference method
An accurately weighed portion of the powdered tablets equivalent to 20 mg of drug was dissolved in 20 mL of methanol, shaken well and filtered. 10 mL of the filtrate was diluted to 50 mL with methanol to get 200 µg/mL solution of drug in formulations.
In order to get 100 µg/mL solution, 5 mL of the above solution was diluted to 10 mL with methanol. The absorbance of the solution was determined at λ max , 274 nm ( Figure 2 ). The quantity of the drug was computed from the Beer's law plot (Figure 3 ) of the bulk drug in methanol. 
Results and Discussion

Spectral characteristics
In order to ascertain the optimum wavelength of maximum absorption (λ max ) of the coloured species formed in the above methods, specified amounts of REB were taken and colours were developed separately by following the above procedures. The amounts of REB present in total volume of coloured solutions were 2 µg/mL for method M 1 and 7.5 µg/mL for method M 2 .
Wavelength, nm
Wavelength, nm
Absorbance Absorbance Drug conc, µg/mL Drug conc, µg/mL
The absorption spectra were scanned on a spectrophotometer in the wavelength region of 350 and 850 nm against a similar reagent blank or distilled water. The reagent blank absorption spectrum of each method was also recorded against distilled water. The results were graphically represented in Figure 4 (for Method M 1 ) and Figure 5 (for Method M 2 ). The absorption curves of the coloured species in each method show characteristic absorption maximum. 
Optimum conditions fixation in procedures
The optimum conditions for the colour development of methods (M 1 and M 2 ) were established by varying the parameters one at a time keeping the others fixed and observing the effect produced on the absorbance of the coloured species. The optimum range of absorption maximum for M 1 is 395-405 nm and that for M 2 is 425-435 nm.
Optical characteristics
In order to test whether the coloured species formed in above methods adhere to Beer's law, the absorbances at appropriate wavelengths of a set of solutions containing varying amounts of REB and specified amounts of reagents were recorded against the corresponding reagent blanks. The Beer's law plots were recorded graphically ( Figure 6 for M 1 and Figure 7 for M 2 ). Beer's law limits, molar absorptivity, sandell's sensitivity and optimum photometric range (Figure 8 for M 1 and Figure 9 for M 2 ) for REB in each method were calculated. Least square regression analysis was carried out for getting the slope, intercept and the correlation coefficient values (Table 1) 
Precision
The precision of the proposed methods was ascertained from the absorbance values obtained by actual determination of six replicates of a fixed amount of REB in total solution. The percent relative standard deviation and percent range of error (at 0.05 and 0.01 confidence limits) were calculated for the proposed methods (Table 1) .
Accuracy
To determine the accuracy of each proposed method, different amounts of bulk samples of REB within the Beer's law limits were taken and analysed by the proposed methods. The results (percent error) were recorded in Table 1 . 
Analysis of formulations
Commercial formulations (tablets) containing REB were successfully analysed by the proposed methods. The values obtained by the proposed and reference methods for formulations were compared statistically with F and t-tests and found not different significantly.
The results were summarized in Table 2 . Percent recoveries were determined by adding standard drug to pre-analysed formulations. The results of the recovery experiments by the proposed methods were also listed in Table 2 .
Interference studies
The effect of wide range of excipients and other active ingredients usually present in the formulations for the assay of REB in both the methods under optimum conditions were investigated. The commonly used excipients present in formulations did not interfere even if they were present in excess amount than they usually exist. 
Chemistry of the coloured species
Reboxetine possesses analytically useful functional groups such as phenoxy ethyl (acid hydrolysis yields phenolic hydroxyl, HREB) and morpholino (cyclic imino) moieties. The proposed methods were based on the reactivity of phenolic hydroxyl group. An attempt was made to indicate the nature of colour species in each proposed method for REB tentatively based on analogy and probability.
Method M 1
Condensation of phenolic compound (HREB) with ethyl acetoacetate in sulphuric acid medium, to give a coumarin derivative was the basis for this method. It was shown in Scheme 1.
Scheme 1
Method M 2
A study of the coloured product formation of HREB by the reaction with diazotized sulphanilic acid was carried out in the usual manner for diazotization and coupling under alkaline conditions with phenolic compound. The probable sequence of reactions based on analogy was given in Scheme 2.
Conclusion
The proposed methods exploit the phenoxy ethyl functional group in REB molecule. It can be seen from the results, that the proposed methods have good sensitivity and λ max . Statistical analysis of the results shows that the procedures adopted have good precision and accuracy. Results of the analysis of pharmaceutical formulations reveal that these methods are suitable for their analysis with virtually no interference of the usual additives. The proposed methods are simple, sensitive and reliable and can be used for the routine determination of REB in bulk samples and in pharmaceutical formulations depending upon the needs of the specific situation.
